Nanostructured fluorescent pyrromethene (PM) doped-silica core-shell particles were successfully prepared by Stöber process. The average size of the particles was in the range of 10-20 nm measured by TEM micrograph. The atomic structure and morphology of PM 597/SiO 2 core/shell nanoparticles were studied by AFM and SEM, respectively. Absorption and emission spectra of the PM 597/SiO 2 core/shell nanoparticles under the UV irradiation were studied and not significantly influenced at the position of peaks. Finally, amplified spontaneous emission (ASE) and photobleaching of dye were examined and found no significant influence on the peaks of PM dye due to the formation of smaller sizes of PM 597/SiO 2 core/shell nanoparticles. The observed PM 597/SiO 2 core/shell nanoparticles were different in shapes with smaller size distribution and highly luminescent. Majority of nanoparticles were roughly spherical with many of them aggregated. The less photobleaching of dye core may be due to the protection of pumped energy by SiO 2 shell and restricts the leakage of dye.
Introduction
Preparation and analysis of fluorescent dye nanoparticles for the application of biotechnology [1, 2] and information technology applications such as biological imaging, sensor technology, microarrays, and optical computing [3] [4] [5] [6] have been studied. Nanoparticles are intermediate state between molecular and bulky forms of material and also can provide unique chemical, optical, and electronic properties by combining their surface modification and composition control [7] . Studies revealed that various kinds of organic dyes are currently used in biolabeling, but they are not photostable and often suffer from photobleaching [8] . Studies have been reported to overcome photobleaching effect and enhance radiation properties including the use of quantum dot nanocrystal [9] , dye doped-silica [10] , and core-shell structure of dye-silica [11] . In fact, sol-gel derived silica is considered an excellent host material for creating fluorescent nanoparticles by the inclusion of covalently bound organic dyes. Significant enhancements in the brightness with chemical stability of dye emission can be achieved and architecture at the length of scales down to tens of nanometers with narrows size distributions [12] . Moreover, core-shell structure of dye-silica can be substituent for fluorescent dye because silica surface can be modified to various functional groups and enhances the thermal and chemical stability of the nanoparticles with less oxidation and cytotoxicity [13] . In view of importance of the above, improvement of photostability of dye-silica core-shell nanoparticles is still interesting for the potential applications of solid state dyes laser [14] and as a biological marker [15, 16] . Therefore, a detailed study of 597 pyrromethene dye-silica core-shell nanoparticles was performed using structural and optical techniques. The main aim of this work is to investigate the optical stability, ASE of PM597-core silica shell, since the PM dye has unique chemical structure and is highly luminescent. 
Experimental Details
Commercially obtained pyrromethene (PM) 597 dye (SigmaAldrich) was used to prepare the dye doped core-shell nanoparticles using the Stöber sol-gel process [17, 18] . The detail of materials preparation was described elsewhere [12, 19] . Shortly, the Stöber process involves the hydrolysis and polycondensation of tetraethyl orthosilicate (TEOS) in water and ethanol solutions. Tetraethyl orthosilicate was used as the precursor to synthesis of silica core having the general molecular formula as
In the process, a weighed PM dye was dissolved in ethanol and stirred for about 10 minutes until solution became homogenous. 3-Mercaptopropylsilane was then added to the above dissolved solution in order to promote covalent bonding of the dye molecules into the silica particles. The mixture was stirred in a glass vessel for 12 hours under nitrogen atmosphere to prevent oxidation and also kept in dark to prevent dye bleaching. The preparation was followed by adding additional amount of ethanol, water, ammonium hydroxide as a catalyst, and TEOS as a silica precursor which was gradually added: 0.5 mL per 10 minutes. The final mixture was further stirred to become completely homogeneous. The process was performed at room temperature.
The schematic structure of nanostructured PM dye/coreshell is shown in Figure 1 . The particles size and structural analysis of the PM 597/SiO 2 core/shell nanoparticles were studied by FETEM (JEOL-2100F) and FESEM (JEOL, JSM-7600F), respectively. The surface atomic structure of the synthesized DSCSNPs was also characterized using AFM (Veeco multimode V Scan Probe Microscope).
Absorption spectra of the PM 597/SiO 2 core/shell nanoparticles were collected in 200-800 nm spectral range using a double beam UV-visible spectrophotometer (PerkinElmer Lambda-40) with a resolution of 0.5 nm. Photoluminescence spectra were recorded with a luminescence spectrometer (Perkin-Elmer LS 45) at spectral resolution of 0.5 nm. The photoluminescence of pure dye and dye dopedsilica particles was checked in solid powder form as well as in solid powder dispersed in ethanol. Excitation and emission spectra were measured over a wavelength range of 200-700 nm. Finally, photostability of the dye and PM 597/SiO 2 core/shell nanoparticles samples was studied using Nd:YAG pulse laser with the energy of 15 mJ, Solar, LPS 1500 ( = 532 nm) as pump source.
Results and Discussion
The distribution and size of nanostructure dye-silica coreshell particles were investigated by TEM micrograph at different scale as shown in Figure 2 . As seen in TEM images, dye-core shell particles are well distributed and aggregated with sizes of about 10-20 nm. For particular dye, the particles size distribution differs depending on the dye structure as our previous result reported [12] nanoparticles was also measured using a light scattering particle size analyzer and found to be about 90 nm. The difference in particle sizes of TEM image and scattering may be a reason that there are aggregated particles which lead to increasing size particle. Figure 3 shows SEM image of PM 597/SiO 2 core/shell nanoparticles. Particles can be seen with many roughly circular dark spot in the environment of SiO 2 . In order to understand the topographical of the synthesized PM 597/SiO 2 core/shell nanoparticles, AFM images were taken in contact and taping mode is shown in Figure 4 . The color gradient indicates the different height with size of the particles and assembles into coarse aggregate forming piles. The individual particles show almost the same height at approximately 15 nm, although the particles diameter differs, ranging from 25 nm to more than 200 nm. Such a difference between the particle diameter and its height may impart nonspherical shape to the particle. However, the distinct rim surrounding the particles is shown in Figure 4 (insect (B), (C)). Here we concern height of individual particles, not other aggregated large particles. It is very difficult to take the height of larger particles because of some particles inside gel.
Absorption and Fluorescence Spectra
The UV-Vis absorption and fluorescence spectra of the pure PM dye and prepared PM 597/SiO 2 core/shell nanoparticles were measured in ethanol within the 200-800 nm region. The basic properties of PM dye are listed in Table 1 . Comparison between the absorption and emission peak positions of the pure PM dye and dye-silica core-shell NPs before and after UV irradiation is shown in Figure 5 . The absorption and emission peaks of PM dye do not affect the corresponding peaks of PM 597/SiO 2 core/shell nanoparticles. The corresponding absorption and emission peaks lie at 524 nm and 562 nm of both samples, respectively. A mall blue shift in the emission spectra of PM 597/SiO 2 core/shell nanoparticles is observed about 3 nm which might be related to the site effect due to interaction of dye molecules with the silica. But the corresponding intensity of PM 597/SiO 2 core/shell nanoparticles in absorption and emission is significantly improved from the intensity of PM dye. It is assumed that the increase in emission intensity may be in accordance with the decrease in the nonradiative because of rate of less dissociation of dye from smaller sizes core-shell nanoparticles. It may be mentioned that organic dyes are considered optically unstable when subjected to UV light because of the molecular bonding dissociation (photobleaching). In order to clear and understand the optical stability, the dye-silica core nanoparticles were exposed to UV radiation for 4 hours under a conventional UV lamp. Absorption and emission spectra were recorded before and after UV irradiation for PM 597/SiO 2 core/shell nanoparticles and PM dye. There is no significant change in absorption and emission peaks of PM 597/SiO 2 core/shell nanoparticles after UV exposure as shown in Figure 5 . A small reduction in the absorbance and emission of PM dye after UV irradiation can be noticed while no effect in the PM 597/SiO 2 core/shell nanoparticles is observed. Such small decay in PM dye could correspond to the photobleaching due to molecular dissociation during UV exposure. It is also possible that due to change in outer surface of shell under UV, absorption and emission peak of PM dye are increased.
The existence of optically stable PM 597/SiO 2 core/shell nanoparticles under UV exposure is evident which may be a result of the presence of dye molecules in core-shell particles when the dye is protected inside the silica shell leading to an increase in the absorption and emission [12, 13] . Emission peak of PM 597 dye is slightly blue shifted from 563 nm to 561 nm with intensity increment by 21.51%. This means that the UV light affects the dye molecules while PM 597/SiO 2 core/shell NPs showed stable behavior with 2.16% intensity increase factor.
Stokes shifts were calculated from absorption and fluorescence spectra with using the relation
] * 10 7 (nm/cm) .
(1) equal 36 nm. Obviously, Stokes shift of PM 597 dye is larger than PM 597 dye/core-shell nanoparticles due to the more scattering light from dye. Stokes shifts of PM 597 dye are as follows:
Stokes shift of PM 597/SiO 2 core/shell NPs is as follows:
Photostability of PM Dye and PM 597/SiO 2 Core/Shell
Nanoparticles under Laser Source. Although high efficiencies were reported for some fluorescent laser dyes, photodegradation of the dyes caused by pump energy or high repetition rate pumping light pulses is still unsolved. To improve the photostability of an organic dye, additives to the host composition were the alternative means to prevent photooxidation, dissociation, substitution oxidation, and hydrogen abstraction of the dye that can lead to more stable chemical (acid/base) environment [14, [21] [22] [23] . In this regard, shielding dye molecules by SiO 2 was obtained to be optically stable [12] . In this work optical stability of PM 597 dye and PM 597/SiO 2 core/shell nanoparticles was examined under continuous intense laser beam for three hours. The pumped laser source was performed by 2nd harmonics of Nd:YAG laser (532 nm) at 15 mJ. The fluorescence intensity of samples was recorded every ten minutes during laser exposure. during sixty minutes. As clearly seen in Figure 6 , the emission intensity of due-silica core-shell NPs is approximately linear up to 30 min while the intensity for PM597 dye shows nonlinear behavior under laser light. The intensity slightly starts to drop after 60 min. The emission intensity of PM dye/silicacore under the laser excitation is not significantly influenced up to 30 minutes and then starts to drop continuously till 60 min but the emission intensity of PM dye continually decays against laser energy. But our group observed the stable behavior of R6G/SiO 2 core/shell NPs sample when pumped with high laser source for the first 60 minutes [12] . This means that dye doped-silica core nanoparticles are protected from photobleaching where the laser energy is incident on the site of sample. 
Amplified Spontaneous Emission (ASE)
. ASE of dye-core silica shell nanoparticles was examined under the 532 nm excitation source of Nd:YAG laser system. The response emitted light from the PM/SiO 2 core/shell nanoparticles is observed as a narrow line width about 4 nm as seen in Figure 8 . Such a narrow line width indicates that PM dye-core shell particles may be suitable as gain media if the samples could make proper solid composites. In this direction, work is underway to realize the optical gain from PM/SiO 2 core/shell nanoparticles solid composites.
Conclusion
Pyrromethene dye molecules were successfully entrapped as cores in silica shell with various sizes. PM 597/SiO 2 core/shell NPs with thick silica shells could be obtained without affecting the integrity of the cores. Synthesized PM 597/SiO 2 core/shell NPs are observed to be monodisperse, homogenous with being circular in shapes. PM/SiO 2 core/shell nanoparticles are found to be good in stability under UV exposure. Photoluminescence of these core-shell particles is exhibited to be highly luminescent. Thus, the dye is significantly stable inside the silica particles and can be used without change of luminescence wavelength. UV irradiation experiment of dye entrapped core-shell particles does not show photobleaching which is observed in case of dyes. A narrow bandwidth of PM/SiO 2 core/shell nanoparticles is obtained under optical cavity pumped by laser source.
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